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V963 Per (GSC 3355 0394, α(2000)=04h45m35.s6, δ(2000)=+52◦22′35.′′4) is a close
eclipsing binary identified by Nicholson and Varley (Anonymous 2006) and was recently
discussed extensively by Samec et al. (2010, hereafter referred to as RGS), who obtained
BVRI light curves on two nights. This star is potentially interesting astrophysically be-
cause of its short period but large difference between eclipse depths, possibly similar to
W Corvi (see, eg Odell & Cushing 2004). RGS fit their light curves with a model having
three spots on the secondary and one on the primary star. RGS also found a large mass
ratio (q = ∼ 0.87), which gives the possibility of detecting the secondary star in spectral
line profiles, thus revealing the spot characteristics. There are some inconsistencies in
RGS, but, our new photometry confirms the basic shape of the light variation that RGS
found, and the system remains an interesting one.
We have obtained new light curves in 2010-2011 at the 1.55m Kuiper telescope of the
Steward Observatory utilizing the Mont4KCCD camera binned 3x3 (described in detail
by Randall et al. 2007) utilizing Bessell-B, -V, -R and Arizona-I filters. Data reduction
was done in the following way: The two amplifier readouts were corrected for overscan
and crosstalk on the fly using an IRAF script. Then the images were Zero and Flat Field
corrected using IRAF*, and magnitudes were extracted with qphot task with 4.′′2 radius
apertures.
The Zero and Flat Field frames were the average of 200 images each, pointed at a
dome screen such that ∼ 10K counts was reached for each flat. In order to minimize any
flat-fielding problems, an autoguider kept all stars on the same pixels for the entire run,
and focus was monitored carefully. To check for possible color terms in the extinction,
the third comparison star (with very similar color to the eclipser) was treated as ‘variable’
and its (V-C) magnitude was plotted as a function of airmass. No significant effect was
apparent (i.e. < 0.002 mag).
The comparison and check stars were treated in an unusual way, in that a ‘combined
comparison’ was formed from the average of five bright stars surrounding the variable (see
Table 1). This has two advantages: it improves the S/N of the comparison, and it better
accounts for any variations in transparency over the field, as opposed to using only one
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star. It also makes any anomalous reading immediately apparent. In order to compare
our data to that of RGS, we then subtracted from each magnitude difference (Variable -
Comparison) the filter-specific difference between RGS’s comparison star and our average
of five stars, averaged over each night, so our results are on the same scale as theirs.
Table 1. Comparison Stars
GSC Offset Offset comment
number RA dec
3355 0474 -3.s1 -3′07′′
3355 0096 -20.s9 -2′06′′
3355 0362 15.s3 +1′01′′ same color as variable
3355 0336 -27.s1 +3′04′′
3355 0596 7.s4 +4′43′′ RGS comparison star
We plan to make our observations available as Table 2: HJD, orbital phase (based
on Eq. 1) and delta magnitude: (Variable minus Comparison star). The table will be
available through the IBVS website as xxxx-t2.txt.
Fig. 1 shows the complete dataset for our light curves. The number given in the key for
each filter represents the magnitude difference required to correct to RGS’s comparison
star. It can be seen that the light curves do not reproduce perfectly - there is a small
night-to-night scatter around phase 0.20, and a larger effect at phases between 0.40 and
0.90. The former could conceivably be due to a slightly incorrect period being used for
the phasing (see the discussion of the ephemeris later in this paper); the latter must be
caused by intrinsic variation of the star, as would general differences in level between RGS
and our new data. The O’Connell effect is rather large; phase 0.75 is about 0.10 mag
fainter than phase 0.25.
Five new times of primary minimum and two of secondary were obtained, which alter
the ephemeris. The variations in the light curve near phase 0.5 must be real, as this is
during secondary eclipse, which is obviously total. Fig. 2 shows the relevant part of the
cycle in the B filter in detail; data from before January 1, 2011 is plotted as diamonds
and after that date as triangles. The depth of secondary eclipse became fainter by about
0.04 mags somewhere around that date. The change extends from about phase 0.40 to
about 0.80, which includes the time when the secondary star is completely eclipsed.
RGS present their data in Table 1 and Fig. 2 of that paper; although the figures seem
to be correct, the magnitudes listed in the table for the R and I filters appear to be fluxes,
since the value at maximum (phase 0.25) is exactly 1.0, and the light curves would be
inverted if the numbers are correct. We also note that the HJD given for all filters is
likely erroneous (see below). However, there seems to be a difference of about 0.1 mag at
all phases between RGS’s data and ours (in the sense they found the star to be fainter).
The exact cause of this isn’t clear, since our images didn’t include RGS’s check star.
We used the ephemeris of RGS to predict that a primary eclipse would be seen on our
first night of observation, but in fact, secondary eclipse was observed, indicating a problem
there. A new, preliminary ephemeris was determined from our five primary timings given
in Table 3 to be HJD = 2455563.6833(2) + 0.462087(3) (used to phase the data in our
figures 1 and 2). We determined our times of minimum by folding our data to see where
the ascending light best fell on the descending branch; our uncertainties come from this
measure for the four different filters (standard deviation). The short time (200 cycles) over
which the data were obtained makes this period rather uncertain, but definitely different
from RGS’s 0.46216 days.
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Figure 1. Light Curves for V963 Per in 2010-11.
Figure 2. Variation of the Light Curve for V963 Per in B Filter. The points at dmag 1.51 are
(Five-star-comp - Comp3) which would show any variability in the comparison stars.
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Table 3. O − C Linear Residuals, Eq. 1
No Epoch Uncertainty Cycle (Obs-Calc) Comment
HJD days minutes
1 2455542.6626 0.0005 -45.5 5.52 Secondary - not used
2 2455563.6835 0.0001 0.0 0.23 Primary
3 2455564.6077 0.0001 2.0 0.33 Primary
4 2455576.6212 0.0002 28.0 −0.47 Primary
5 2455577.7818 0.0006 30.5 7.32 Secondary - not used
6 2455601.5748 0.0013 82.0 1.46 Primary
7 2455618.6717 0.0002 119.0 1.55 Primary
When our new period was used to compute times of minimum to compare to RGS’s
timings, a problem developed. RGS tells of two nights’ data acquisition, but gives timings
on four nights, two in November 2007, one in December 2008, and one in January 2009
(according to the Julian Dates). However, our current period yields residuals for the last
four of RGS’s timings of over two hours. The times of observation listed in RGS, Table 1,
do not correspond to the nights they claimed to have observed this star. Thus we must
hold off on using any of those timings in attempting to derive a better period or to test
for period variation.
Instead, we use the data from the Northern Sky Variability Survey (NSVS, see Wozniak
et al. 2004) taken in 2000 and 2001 and from the SuperWASP (see Butters et al. 2010)
dataset taken in 2007 to improve the ephemeris. Each of these datasets contain only a
few measurements on any one night, so the following strategy was adopted. We used
OpenOffice Calc to calculate phases for all unflagged measurements in the two datasets
based on a chosen linear ephemeris. We also calculated the predicted timings for all
minima measured here and by RGS. The initial epoch was fixed on the value derived
for our five primary minima. The period was varied so as to maintain small residuals
for the most recent data (sensitive to the initial epoch but not the period), and to get
a qualitatively good light curve for the NSVS and SuperWASP data sets (sensitive to
the period, but not the initial epoch). This technique completely avoids any cycle count
ambiguity, but precludes putting uncertainties on the results.
HJD Tmin I = 2455563.6833 + 0.462078d× E. (1)
The final ephemeris is given by Eq. 1. The residuals for our timings are given in
Table 3, and the plots of the two earlier datasets are given in Fig. 3. Note that primary
minimum in the NSVS data seems to be near phase 0.96, and in the SuperWASP data
at phase 0.03. This constrains the period rather well; improving either of these datasets
makes the other less compelling. The discrepancy of each at about 0.04 cycles could be
due to inaccuracies in those datasets (there is large intrinsic scatter, for example), or could
be indicating a quadratic ephemeris. Also note in Table 3 that the secondary eclipses have
residuals of about six minutes, which indicates that they can not be used (and weren’t
used) to derive the ephemeris. This is also obvious from Fig, 2, where it can be seen that
the change in secondary minimum is more prominent after phase 0.50 than before; time
of secondary minimum is clearly affected by the variation of the light curve.
In order to better understand the ephemeris of RGS, we calculated the (O-C) residuals
for the times of minimum they derived from their data; see Table 4. The fourth column
gives the residuals for the timings given in RGS; for entries 3-6 we noticed a discrepancy of
about two hours, and realized that, since the period is about 11 hours, changing the HJD
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Figure 3. Light Curves from a) NSVS (left) and b) SuperWASP datasets.
to one day earlier (and the cycle count two cycles earlier), we could reduce the residuals
to just a few minutes. We speculate that the JD for the UT-date was used as if it were
for the calendar date. Since the calendar dates given in RGS do not correspond to these
JD’s, we cannot tell just what happened. Also, even though timings 1 and 2 seem to
agree well with our ephemeris, no source data was cited in RGS, so we did not use these
timings either.
Table 4. O − C Linear Residuals for timeings from RGS, based on our Eq. 1
No Epoch (Obs) Cycle (Obs-Calc) (Obs-Calc)* Comment
HJD minutes minutes
1 2454408.9555 -2499.0 7.32 — Primary
2 2454427.9001 -2458.0 6.46 — Primary
3 2454829.7566 -1590.5 121.19 11.98 Secondary
4 2454829.9867 -1590.0 119.19 10.63 Primary
5 2454849.6213 -1547.5 114.49 5.28 Secondary
6 2454849.8522 -1547.0 114.29 5.08 Primary
* The residuals in col 5 result from increasing the cycle count by two and decreasing the HJD by 1 day.
A few comments about the first eight entries in Table 2 of RGS are in order; these
come from the NSVS dataset we used in figure 3a here. The Epochs given in RGS seem
to have ignored the difference of 0.5 days for the MJD, in which those times are given.
The times of minimum correspond to observations which were particularly faint, but not
necessarily exact minima. However, many times of faint magnitude were ignored, and
some were included in spite of the fact that the observation was flagged.
In conclusion, we find a new ephemeris for V963 Per, and caution that times of sec-
ondary minimum should not be included in calculating the ephemeris of this star. We
would also caution that the formal errors of times of minimum, like the ones given in our
Table 3, may be meaningless as well, since these times can be affected by starspots. We
find that the star varies on a short timescale (∼ one month) at the few percent level in
brightness, and most of this variation is at a time in the cycle where the spots invoked
by RGS are not visible, casting doubt on their interpretation of the spot characteris-
tics. Given the nature of the star, its period is likely variable, but we cannot say at this
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point given the unresolved discrepancies in RGS’s timings. Continued observations are
important to improve our understanding of this star’s ephemeris and variability.
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